EXHIBIT B 







1 




WOOD AND PFI 1 III n^ir PHFMKTRY 


1 




second edition, revised and expanded \ 


1 




edited by 






David N.-S. Hon 






Clemson University ■ 


r 




Clemson, South Carolina 






Nobuo Shiraishi j 






Kyoto University i| 






Kyoto, Japan 






^j^^ Marcel Dekker, Inc. New York • Basel 




r 



Library of Congress Cataloging-in-Publication Data 

Wood and cellulosic chemistry / edited by David N.-S. Hon, Nobuo Shitaishi.-2nd ed.. rev. and 
expanded. 

p. cm. 

Includes index. 

ISBN 0-8247-0024-4 (alk. paper) . v, ^ 

1 Cellulose 2. Wood— Chemistry. I. Hon, David N.-S. H. Shiraishi, Nobuo. 



Tbis book is printed on acid-free paper. 

Headquarters 

Marcel Dekker, Inc. 

270 Madison Avenue, New York, NY 10016 
tei: 212-696-9000; fax: 212-685-4540 

Eastern Hemisphere Distribution 

Marcel Dekker AG 

Hutgasse 4, Po.stfacb 812, CH-4001 Basel, Switzerland 
tel; 41-61-261-8482; fax: 41-61-261-8896 

World Wide Web 
http://www.dekker.com 

The publisher offers discounts on this book when ordered in bulk quantities. For more information, write 
to Special Sales/Professional Marketing at the headquarters address above. 
Copyright © 2001 by Marcel Dekker, Inc. AH Rights Reserved. 

Neither this book nor any part may be reproduced or transmitted in any form or by any means, electronic 
or mechanical, including photocopying, microfilming, and recording, or by any information storage and 
retrieval system, without permission in writing from the pubhsher. 

Current printing (last digit): 

10 98765432 1 



PRINTED IN THE UNITED STATES OF AMERICA 



Contents 



Preface Hi 
Contributors vii 

1. Ultrastructure and Formation of Wood Cell Wall 1 
Minora Fujita and Hiroshi Harada 

2. Chemical Composition and Distribution 5 1 
Shiro Saka 

3. Structure of Cellulose: Recent Developments in Its Characterization 

Fumitaka Horii 

4. Chemistry of Lignin 1 09 

Akira Sakakibara and Yoshihiro Sano 

5. Chemistry of Ceil Wall Polysaccharides 175 
Tadashi Ishii and Kazumasa Shimizu 

6. Chemistry of Extractives 213 
Toshiaki Umezawa 

1. Chemistry of Bark 243 
Kokki Sakai 

8. Chemical Characterization of Wood and Its Components 275 

Jaime Baeza and Juanita Freer 

9. Color and Discoloration 385 

David N.-S. Hon and Nohuya Mineniura 

10. Chemical Degradation 443 
Yuan-Zong Lai 

1 1 . Weathering and Photochemistry of Wood 5 1 3 
David N.-S. Hon 



vi 



Contents 



12. Microbial, Enzymatic, and Biomimetic Degradation of Lignin in Relation 

to Bioremediation 547 

Takejumi Hattori and Mikio Shimada 

13. Chemical Modification of Wood 573 
Misato Norimoto 

14. Chemical Modification of Cellulose 599 
Akira Isogai 

15. Chemical Synthesis of Cellulose 627 
Fumiaki Nakatsubo 

16. Wood Plasticization 655 
Nobuo Shiraishi 

17. Wood-Polymer Composites 701 
Hiroshi Mizumachi 

18. Adhesion and Adhesives 733 
Hiroshi Mizumachi 

19. Pressure-Sensitive Adhesives and Forest Products 765 
Hiroshi Mizumachi 

20. Wood-Inorganic Composites as Prepared by the Sol-Gel Process 781 
Shiro Saka 

21. Preservation of Wood 795 
Darrel D. Nicholas 

22. Preservation of Waterlogged Wood 807 
David N.-S. Hon 

23. Biodegradable Plastics from Lignocellulosics 827 
Mariko Yoshioka and Nobuo Shiraishi 

24. Recycling of Wood and Fiber Products 849 

Takanori Arima 

25. Pulping Chemistry 859 
Go ran Gellerstedt 

Index 907 



W 



8 

Chemical Characterization of Wood and 
Its Components 



Jaime Baeza and Juanita Freer 

Universidad de Concepcidn, Concepcion, Chile 



I. INTRODUCTION 

Wood analysis comprises the determination of the wood components as well as the iso- 
lation, purification, and characterization of the wood constituents. Wood is chemically 
heterogeneous and its components can be divided into two groups: structural components 
of high molecular weight (cellulose, polyoses or hemicelluloses, and lignin), which are 
the major cell wall components; and nonstructural components of low molecular weight 
(extractives and inorganic compounds). The macromolecular components ate. not uniformly 
distributed in wood cells, and their concentration changes from one morphological region 
to another. Therefore, knowledge about the distribution of chemical components in the 
cell walls IS of great importance to understanding the properties of wood. The chemical 
composition of wood varies from species to species. In general, hardwoods contain more 
hemicellulose than softwoods but less lignin. Figure ] shows the typical composition of 
hardwoods and softwoods [1]. 

There are different types of wood analysis. One may consider only the main cell 
wall components, holocellulose (cellulose and polyoses), lignin, extractives, and ash; on 
the other hand, a very detailed analysis may include functional groups (e.g., acetyl groups) 
individual units of the different components (e.g., sugar pattern), different types and fre- 
quency of linkages (e.g., (i-O-4 linkage in lignin), etc. 

Usually, wood is analyzed by the separation of the different components, but there 
are serious difficulties in achieving selective isolations. The separation is never complete 
and leads to structural changes, predominantly in the lignin. An array of classical, wet 
chemical procedures and a growing number of instrumental methods are available for 
analysis of wood. The wet chemical methods permit the acquisition of data on the gross 
composition of wood, and they require the separation of wood into macroscopic wood 
components (e.g., Hgnin, holocellulo.se, etc.). This is the reason it is always necessary to 
report the isolation techniques used. On the other hand, the instrumental methods are 
conducive to higher specificity and convenience of wood analysis. Initially, chemical spec- 
ificity was achieved in a macroscopic scale; for example, by chromatographic methods the 
separation and determination of the individual sugars can be obtained after hydrolysis of 
- wood sample. More recently, techniques such as ultraviolet microscopy, electron mi- 
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FIGURE 1 Typical composition of softwoods and hardwoods. », Norway spruce (softwood); ■, 
common beech (hardwood). *CH2C1, followed by CHsOH. 



croscopy coupled with X-ray analysis, and infrared spectrometry have permitted descrip- 
tions of the distribution of chemical constituents in wood and fiber walls. 

The methods of wood analysis are more or less standardized. Detailed descriptions 
of the analysis of wood are giving in the specialist literature [2-8]. The CPPA (Technical 
Section, Canadian Pulp and Paper Association, Montreal, PQ, Canada), TAPPI (Technical 
Association of the Pulp and Paper Industry, Atlanta, GA), ASTM (American Society of 
Testing and Materials. Philadelphia, PA) have issued new or revised test methods for the 
analysis of pulp and paper materials. There are excellent reviews covering analyUcal tech- 
niques for wood and its components [9-15]. 

The purpose of this chapter is to inform the reader about .some of the methods 
available for the chemical analysis of wood. The analysis of the constituents of wood, 
according to the scheme shown in Fig. 2, will be described. 



II. SUMMATIVE ANALYSIS 

The objective of the summative analysis is to account for all of a sample. The summative 
analysis of wood is based on the isolation and identification of certain groups of wood 
components and therefore does not deal with the determination of chemical uniformity of 
substances. These groups are mainly cellulose, hemicelluloses, lignin, and extractives, and 
often other designations are added, e.g., holocellulose, a-cellulose, or sometimes terms 
originated from the method used (such as kraft lignin. Cross and Beavan cellulose). 

In evaluating the results of the summative analysis, it is important to take into con- 
sideration the methods used. To obtain a complete mass balance of a wood sample, no 
constituents may be overlooked or repeated. Nothing should be determined by difference. 
Summative analysis will typically account for most of the wood components. Examples 
of summative analysis of wood composition have been reported elsewhere [16-21]. Sum- 
mations may be taken in several ways, and some examples of different types of wood 
analyses are given in Table 1. 

Values of 98-101 are generally acceptable, but frequently values deficient or m 
excess by about 10% are obtained [14,16,19,20]. Possible reasons for failure to achieve a 
complete mass balance have been reviewed by Browning [20]. Generally, the summative 
analysis is corrected via normalization, giving the same factor of error to all the compo- 
nents, independent of the amount in which the different components are present and in 
the analytical technique used. The possibility of undetected or unknown compounds in 




in the mass balance were extensively discussed. These factors include: the exact con... 
bution of galacturonic acid in the wood; the methanol formed from the demethoxylation 
of polysaccharides and lignin; the loss of water in the lignin condensation/dehydration 
relations; the wood components included in the polysaccharides and/or lignin moieties that 
exist in such small quantities that they are not detected by the analytical methods utilized; 
and residual water that remains bonded in the wood after "oven drying" which is released 
in the hydrolytic stage and becomes part of the hydrolytic solution. Clearly, the contri- 
bution of any of diese factors is small. The complex nature of wood seriously complicates 
the quantification of these contributions. The improvement of the methods and techniques 
of analysis could result in a mass balance close to 100%. 



III. SAMPLING AND PREPARATION OF SAMPLES FOR ANALYSIS 

The kind of sampling and sample preparation depends on many factors and on the aim of 
the analysis. Thus, the magnitude of the sampling needed for general characterization of 
a species is quite different than for the evaluation of trees in a specified stand. It is 
important to ensure that representative samples are collected which are free from outside 
contamination, and property preserved. No analysis is better than the sample on which is 
based. However, for comparison of techniques and methods the ohly requirement is that 
the sample be uniform. 

A standardized sampling procedure is given in TAPPI Standard T-257 cm-85 [2]. 
The procedure given is appropriate for wood in all forms, i.e., logs, chips, or sawdust. A 
probability sampling plan and an economic or engineered sampling plan are described. A 
detailed discussion of sampling and preparation of samples is given by Browning [22J. 

Wood for chemical analysis, after air drying, must be milled to achieve complete 
penetration by reagents and to ensure uniform reactions. Heating, preparation of very fine 
and dusty material, and regrinding coarse material must be avoided. Samples are screened 
and normally material passed through a 0.40-mm (40-mesh) sieve and retained on a 60- 
mesh sieve. The selected fraction should represent, if not the entire amount of material, 
at least 90-95% of the original sample. The extractive should be removed before any 
chemical analysis, except where the extraction process and subsequent washing could 
interfere with the analysis. A procedure for further preparation of wood for chemical 
analysis that has been sampled in accordance with TAPPI 257 is provided in TAPPI Test 
Method T264 om-88 [2]. Neutral solvents, ethanol and benzene, are employed to obtain 
extractive-free wood, removing material which is not part of the wood substance or which 
may interfere with subsequent analysis. Moisture determination is included. Related meth- 
ods are ASTM D1105 (ANS), "Preparation of Extractive-Free Wood" [3]; and CPPA 
G.31P, "Preparation of Wood for Chemical Analysis" [4]. 

It is dangerous to include benzene in the solvent mixture to extract wood, due to its 
carcinogenic properties for which it has been long banned. Accordingly, any contact with 
the skin or inhalation of benzene vapor must be avoided. Extreme safety precautions must 
be taken in carrying out the above procedure. Gloves, good ventilation, and a chemical 
fume hood must be used. 

A mixture of ethanol and toluene was found to remove the same materials from 
wood as ethanol-benzene [23]. However, the mixture of ethanol and toluene does not boil 
and reflux at a constant temperature and rate. 

Wood samples collected for later analysis must remain moist and cold-stored. Sam- 
ples should not be oven-dried to avoid changes in reactivity and lost of volatiles. After 
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FIGURE 3 Experimental small-scale method. (From Ref. 24.) 



ir drying, most chemical properties of wood do not change under adequate storage 

I conditions. 

j Recently, a small-scale method for the determination of wood components such as 
extractives, lignin, a-cellulose, and hemicellulose has been published [24]. This method 
is also used in the sample preparation for structural analysis of each component (Fig. 3). 



IV. DETERIWINATION OF WATER CONTENT 

Water !■! a natural constituent of all parts of a living tree. In green wood, water is commonly 
about 50% of the total weight. When the tree dies or a log is processed into lumber, chips, 
etc., the wood loses some of its moisture to the surrounding atmosphere. However, some 
water will remain within the structure of the cell even after wood has been manufactured 
into lumber, particle, veneer, or fiber product. The amount of residual water depends on 
: the extent of drying and the environmental conditions. The wood-water system is very 
[ important in many fields of wood technology. The physical and mechanical properties, 
[ resistance to biological deterioration, and dimensional stability of the products are affected 
t by the amount of water present. 

Chemical analysis of wood is almost always performed on air-dried samples, but 
results are reported on a moisture-free basis. A moisture determination must therefore be 
I mn for almost every sample submitted for analysis. 
[ The amount of water in wood is expressed in two ways: 
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technique simultaneous multielement analysis can be achieved by using solid samples 

(wood, sawdust, ash). 

The specific locations of elements in intact samples may be determined by an X-ray 
analysis attaching to a scanning electron microscope [638]. By imaging-microprobe sec- 
ondary-ion mass spectrometry (SIMS), the spatial distribution of the elements may be 
determined. The spatial distribution of trace elements in jack pine, Pinus basksiana (lamb), 
by SIMS was determined [639]. Trace elements were found to be concentrated in specific 
morphological features, namely, the torus, middle lamella, cell comers, and ray paren- 
chyma wall. The samples of jack pine were examined for Ca, Mn, Cu, and Zn by NAA 
and/or ICP-AES and for Fe, K, Al, CI, Mg, Sr, and Cr by ICP-AES. Although differences 
m environmental conditions during the growth of a tree can result in large variations in 
the concentration of trace elements, the values obtained from this study are in agreement, 
within experimental error, with values obtained from the bulk inorganic content of jack 
pme [640,641]. 

Saka and Goring [642] studied the distribution of inorganic constituents of black 
spruce {Picea mariana Mill.) by means' of transmission scaiming microscopy coupled with 
energy disperse X-ray analysis (TEM-EDXA) and detected 14 elements (Na, Mg, Al, Si, 
S, CI, K, Ca, Cr, Fe, Ni, Cu, Zn, and Pb). Almost all of these elements detected were 
found to be concentrated in the torus and half-bordered pit membrane regions. In the 
secondary walls of tracheids, ray tracheids, and ray parenchyma cells, only S, CI, K, and 
Ca were detected. Saka and Mimori [643], by scanning microscopy coupled with EDXA 
(SEM-EDXA), determined the distribution of inorganic constituents in Japanese birch 
wood {Betulo platyphylla Sukatchev vds. japonica Hara). Six morphological regions iaf the 
wood fibers, vessels, and ray parenchyma cells were investigated, and up to 11 different 
dements (Na, Mg, Al, Si, P, S, CI, K, Ca, Fe, and Zn) were detected. The secondary walls 
of wood fibers, vessels, ray tracheids, and ray parenchyma cells usually contain only 
detectable concentrations of S, CI, and Ca. In contrast, almost all of these elements delected 
were found to be localized and concentrated in the amorphous layers of ray parenchyma 
cells and pit membranes between vessels and ray parenchyma cells. The content of inor- 
ganic constituents determined by SEM-EDXA is in good agreement with the results ob- 
tained from ash residues of wood by bulk analysis. 
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